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We present the results of the spectral analysis of the public data of 438 Gamma Ray Bursts (GRBs) detected by the Fermi Gamma 
ray Burst Monitor (GBM) up to March 2010. For 432 bursts we could fit the time integrated spectrum. In 318 cases we can reliably 
constrain the peak energy E°^j^ of their vFy spectrum by analyzing their time-integrated spectrum between 8 keV and 35 MeV. 80% 
of these spectra are fitted by a power-law with an exponential cutoff, and the remaining with the Band function. Among these 318 
GRBs, 274 and 44 belong to the long and short GRB class, respectively. Long GRBs have a typical peak energy iip^*j^~I60 keV and 

low energy spectral index a 0.92. Short GRBs have harder peak energy (£pe^k~^90 keV) and harder low energy spectral index 

(a 0.50) than long bursts. For each Fermi GRB we analyzed also the spectrum corresponding to the peak flux of the burst. On 

average, the peak spectrum has harder low energy spectral index but similar E'^^^^ than the corresponding time-integrated spectrum 
for the same burst. The spectral parameters derived in our analysis of FermilGSM bursts are globally consistent with those reported 
in the GRB Cicular Network (GCN) archive after December 2008, while we found systematic differences, concerning the low energy 
power law index, for earlier bursts. 

Key words. Gamma-ray burst: general - Radiation mechanisms: non-thermal 



1. Introduction 

Our current knowledge of the spectral properties of the prompt 
emission in GRBs mainly relies on the data collected in al- 
most 10 years by the Burst And Transient Source Experiment 
(BATSE) onboard the Compton Gamma-Ray Observatory 
(CGRO). BATSE allowed to characterize the spectrum of the 
population of short and long GRBs over a large energy range, 
from 20 keV to 1-2 MeV. The analysis of such data revealed 
some important results about the spectral properties of these 
GRBs. The prompt spectra, integrated over the GRB duration 
(i.e. time integrated spectra), can be typically well described by 
a curved function showing a peak - in a vFy representation - 
at a typical energy E°^^^ of a few hundreds of keV but whose 
distribution spans nearly three orders of magnitude. Large dis- 
persions characterise also the distributions of the low-and high- 
energy photon indices, whose characteristic values are a ~ -1 
and p ~ -2.3, respectively (Band et al. 1993; Ghirlanda et al. 
2002; Kaneko et al. 2006). Similar results are obtained by con- 
sidering the time resolved spectral analysis of flux/fluence lim- 
ited samples of bright BATSE bursts (Preece et al. 1998; Preece 
et al. 2000; Kaneko et al. 2006). 

The BATSE data also suggested the existence of two differ- 
ent classes of GRBs (long and short), based on both temporal and 
spectral features. Evidence of a spectral diversity between long 
and short bursts comes from their different hardness-ratios (HR) 
(Kouveliotou et a. 1993). The larger HR of short bursts might 
be ascribed to a larger E'^^^. Nava et al. (2008) and Ghirlanda et 

al. (2009 - G09 hereafter) showed that E°^^^, correlates both with 
the fluence and the peak flux. Although short and long bursts fol- 
low the very same /Sp^^j^-peak flux relation, they obey different 
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(parallel) /Sp^^j.-fluence relations. This implies, obviously, that 
the distributions of the ratio E°^'^, /fluence is different for the two 

peak' 

burst classes. Recently, Goldstein, Preece & Briggs (2010) pro- 
posed this ratio as discriminator between short and long GRBs. 
Due to the relation between £'°''^ and the bolometric fluence 

peak 

and peak flux, a direct comparison between the ^pg^i^ distribu- 
tions of the two different burst classes must take into account 
the different fluence/peak flux selection criteria. G09 analyzed 
and compared samples of short and long BATSE bursts selected 
with similar peak flux limits. They found that the peak energy 
distributions of the two classes are similar, while the most sig- 
nificant difference concerns the low-energy power-law indices, 
with short bursts having typically a harder a 0.4. 

These global spectral properties of GRBs have also been 
confirmed by other satellites {BeppoSAX, Hete-II and Swift) 
(Guidorzi et al. 2010; Sakamoto et al. 2005; Butler et al. 2007). 
However, the detectors on board these satellites have different 
sensitivities with respect to BATSE and cover a narrower and 
different energy range. For instance, the relatively narrow energy 
range (15-150 keV) of ^wZ/f/BAT does not allow to constrain the 
spectral peak E'^^^-^, for most of the detected bursts (Cabrera et al. 
2007; Butler et al. 2007). 

Spectral studies of the prompt emission of GRBs require a 
wide energy range, possibly extending from few tens of keV to 
the MeV energy range. This allows to measure the curvature of 
the GRB spectrum and to constrain its peak energy, as well as its 
low and high energy spectral slopes. 

The Fermi satellite, launched in June 2008, represents a pow- 
erful opportunity to shed light on the origin of the GRB prompt 
emission thanks to its two instruments: the Large Area Telescope 
(LAT) and the Gamma-ray Burst Monitor (GBM). LAT detected 
in about 2 years very high energy emission (> 100 MeV) from 
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19 GRBs. This emission component shares some common fea- 
tures with that already found in few bursts by EGRET (Energetic 
Gamma-Ray Experiment Telescope) on board the CGRO satel- 
lite. In particular, high energy ~GeV flux is still observed when 
the softer energy emission (in the sub-MeV domain) is ceased, 
and often its onset lags the sub-MeV component (e.g. Ghisellini 
et al. 2010, Omodei et al. 2009). 

The other instrument on board Fermi is the GBM (Meegan 
et al. 2009) which is similar to BATSE and, despite its slightly 
worse sensitivity, allows to study the GRB spectrum over an un- 
precedented wide energy range, from 8 keV to 40 MeV. This 
is achieved by its twelve Nal detectors giving a good spectral 
resolution between ~8 keV and ~1 MeV and two BGO detec- 
tors which extend the energy range up to ~40 MeV. Similarly to 
BATSE, the Nal detectors guarantee full-sky coverage, but their 
smaller geometric area (16 times lower than that of the LADs 
of BATSE) implies a lower sensitivity. On the other hand, the 
presence of the BGO detectors allows for the first time to extend 
the energy range for the study of the spectrum of the prompt 
emission to tens of MeV thus accessing an energy range poorly 
explored with the CGRO instruments. 

438 events, classified as GRB£], triggered the GBM until the 
end of March 2010. With this large sample of bursts we can per- 
form, for the first time, a robust statistical study of the spectral 
properties of Fermi/GBM bursts. The main aims of this paper 
are: (a) to present the results of the spectral analysis of 438 Fermi 
bursts, (b) to show the distribution of their spectral parameters, 
(c) to compare the spectral properties of Fermi short and long 
GRBs and (d) to compare the spectra integrated over the burst 
duration (time-integrated spectra, hereafter) with the spectra of 
the most intense phase of the burst, i.e. its peak flux (peak spec- 
tra, hereafter). 

Preliminary results of the spectral analysis of Fermi GRBs 
performed by the GBM team have been distributed to the 
community through the Galactic Coordinates Network (GCN) 
Circulars. These amount to 228 GRBs (until March 2010), 
whereof 167 have a well constrained E'^^^. On going spectral 
calibrations of the GBM detectors make the results published in 
the GCN "preliminary", especially for the first bursts detected 
by the GBM. The GBM team continuously provides, together 
with the public data of detected GRBs, more updated detector re- 
sponse files. Few months ago the software and the new response 
files have been made public so that a systematic and reliable 
analysis of the spectra of FermijG^M bursts is now possible. 
We will compare the results of our spectral analysis with those 
published in the GCN to search for possible systematic effects in 
the GCN results. 

The paper is organized as follows: in §2 and §3 we describe 
the sample of Fermi GRBs and the procedure adopted to extract 
and analyze their spectral data, respectively. In §4 we present 
the spectral results and build their distributions, also considering 
short and long GRBs separately. In §4 we also compare the time- 
integrated spectra and the peak spectra for the analyzed bursts. 
We summarize our results in §5. 

2. The sample 

The GBM detected 438 GRBs up to the end of March 2010. A 
list of the GRB trigger number and the position in the sky, com- 
puted by the GBM, is provided by the Fermi Science Support 
Center'. The data of each GRB are archived and made public 
since July 2008. Note that, since the only information given in 

' http://heasarc.gsfc.nasa.gov/W3Browse/fermi/fermigbrst.html 



the public archive is the burst position, it is not possible to apply 
any selection in flux, fluence or duration on the GBM on-line 
public archive since a spectral catalog is not available. For this 
reason we started the systematic analysis of GBM bursts in order 
to determine the spectral parameters, fluence and peak flux of all 
bursts detected by FermilGQM up to March 2010. 

Preliminary spectral results of Fermi GRBs have been dis- 
tributed by the GBM team through the GCN system. We note 
that, starting on March 2010, the number of GCN of Fermi bursts 
substantially decreased, although the rate of detected bursts re- 
mained unchanged. We decided to limit our selection to March 
2010, thus having a large sample of GCN results to compare 
with. 

We collected all bursts with spectral information published 
in the GCN up to the end of March 2010 (228 objects). Among 
these 148 long GRBs and 19 short have well constrained spectral 
parameters, in particular the peak energy of their vFy. In §4 we 
will compare the GCN spectral parameters with those derived by 
us for the same bursts and search for possible systematic effects 
in the GCN results. 

3. Spectral analysis 

For the spectral analysis of Ferm//GBM bursts we used the re- 
cently publicly released rmfit - v3.3pr7 softwarfl 

For each GRB to be analyzed, the spectral analysis has been 
done by combining together more than one detector Following 
the criterion adopted in Guiriec et al. (2010) and Ghirlanda et al. 
(2010), we selected the most illuminated Nal detectors having an 
angle between the source and the detector normal lower than 80 
degrees. We selected the BGO #0 or #1 if the selected Nal were 
all between #0-5 or #6-12, respectively. When the selected Nal 
were both between #0-5 and #6-12, both BGO detectors were 
used. However, if one of the two BGO has zenith angle to the 
source larger than 100 degrees we exclude it from the analysis. 

The very wide available energy range (from 8 keV to ~40 
MeV) allows to properly constrain the peak energy of particu- 
larly hard GRBs (with E'^^^^ larger than 1 MeV, i.e. the upper 
energy threshold of the Nal detectors) or the high energy spec- 
tral power law, if present. 

For the spectral analysis we used the CSPEC data (with time 
resolution of 1 .024 s after the trigger time and 4.096 s before) for 
long GRBs and the TTE data (with time resolution of 0.064 s) for 
short GRBs. A first hint about the burst duration comes from the 
visual inspection of the lightcurves (at different temporal resolu- 
tions) stored in the quicklook directory provided with the data'. 
We used this method to decide what type of data (CSPEC or 
TTE) is more suitable for spectral analysis. Both data type con- 
tain spectra with 128 energy channels. Following the prescrip- 
tion of the rmfit tutorial we considered the spectral data of the 
Nal detectors in the range 8 keV - 900 keV and for the BGO 
detectors in the range 250 keV - 35 MeV. 

For each GRB we extracted the background spectrum by se- 
lecting a time interval before and after the burst as large as pos- 
sible, but distant enough from the burst signal, in order to avoid 
burst contamination. The spectra in these two time intervals were 
modeled in time with a polynomial of order between and 4 to 
account for the possible time evolution of the background. Then, 
the spectral analysis software extrapolates the background to the 
time interval occupied by the burst. We used the most updated 
response files with extension rsp2, which allows rmfit to use a 

' http://fermi.gsfc.nasa.gov/ssc/data/analysis/ 
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new response for every 5 deg of spacecraft slew, as explained in 
the rmfit tutorial. 

Each spectrum was analyzed adopting the Castor statistics 
(C-stat). Since we combined Nal and BGO detectors in the spec- 
tral analysis, we fitted the spectra allowing for a calibration con- 
stant among the different detectors. The spectral results (C-stat 
and spectral parameters) obtained with the calibration constants 
free and fixed to 1 were compared. If no significant difference 
was found between the C-stat and the spectral parameters ob- 
tained in these two cases, the calibration constants were fixed to 
1 (as also suggested in the rmfit manual). In nearly 30% of cases 
the C-stat significantly decreases by using free calibration con- 
stants. This is not directly related to the burst brightness (also 
for faint bursts the calibration constants can be required) even 
if, of course, the largest differences in C-stat values are found 
for bright bursts, since possible calibration offsets between in- 
struments strongly affect the fit (in terms of C-stat) when data 
points have small errors. 

Systematic residuals around the k-edge of the Nal detec- 
tors are often visible, owing to calibration issues (Guiriec et 
al. 2010). For 4 bursts (for which this effect is particularly pro- 
nounced) we performed the spectral analysis both including and 
excluding a few channels between 30 keV and 40 keV (e.g. see 
Guiriec et al. 2010). While the spectral parameters and their er- 
rors are not sensitive to this choice, the value of the C-stat is 
quite different. For these 4 bursts we report the results of both 
the analysis (Table 2). 

3. 1 . Spectral models 

The spectral analysis performed by different authors (Preece et 
al. 2000; Sakamoto et al. 2005; Kaneko et al. 2006; Butler et 
al. 2007; Nava et al. 2008; Guidorzi et al. 2010) on data taken 
from different instruments revealed that GRB spectra are fit- 
ted by different models, the simplest ones being: i) a single 
power law model (PL), ii) a Band function (Band et al. 1993), 
which consists of two smoothly connected power laws and iii) 
a Comptonized model (CPL hereafter), i.e. a power law with a 
high energy exponential cutoff. 

The time-resolved spectra of BATSE GRBs have been also 
fitted combining thermal (black-body) and non thermal (power 
law) models (e. g. Ryde et al. 2005, Ryde et al. 2009). Although 
these fits are intriguing for their possible physical implications 
(Pe'er et al. 2010), they are statistically equivalent to fits with 
the phenomenological models described above (Ghirlanda et al. 
2007). Recently, Guiriec et al. (2010) found evidence of a ther- 
mal black body component (summed to the standard Band func- 
tion) in the spectrum of the Fermi GRB 100724B. 

A simple PL function clearly indicates that no break/peak 
energy is detected within the energy range of the instrument. 
Furthermore, it is also statistically the best choice when the 
signal to noise of the analyzed spectra is very low because 
this model has the lowest number of free parameters. This was 
shown, for instance, by the analysis of the Swift/BAJi spectral 
data (e.g. Cabrera et al. 2007). 

The Band model (Band et al. 1993) has four free parameters 
to describe the low and high power law behaviours, the spectral 
break and the flux normalisation. Typically, the low energy pho- 
ton index a > -2 [N(E) oc E"] and the high energy photon index 
j3 < -2 [N(E) oc E^], so that a peak in vFy can be defined. When 
there is no evidence for a high energy photon tail or ^^^i^ is near 
the high energy boundary of the instrument sensitivity (and /3 is 
poorly constrained) a CPL model is preferred, due to the lower 



number of parameters. Also in this case a peak energy can be 
defined when a > -2. In the Band model the spectral curvature 
is fixed by a, /3 and E'^'^^. 

We fitted all these models (which are all nested models) to 
each GRB spectrum. The addition of one free parameter requires 
an improvement in C-stat of 9 for a 3cr confidence in this im- 
provement. We chose this criterion to select the best fit model. 
In addition, we also require that all the spectral parameters are 
well determined (i.e. no upper or lower limits). 

3.2. Time Integrated and peak flux spectra 

As anticipated we analyzed for each burst (1) the spectrum inte- 
grated over its whole duration and (2) the spectrum correspond- 
ing to the peak of the burst. Concerning the peak spectrum, this 
could be selected from the raw count light curve as the tempo- 
ral bin with the largest count rate. However, it may happen that 
bins with similar count rate have very different spectra and their 
flux can be considerably different. Therefore, a more physical 
approach for identifying the peak of the burst is to build its flux 
light curve (i.e. calculating the flux in physical units). In prac- 
tice, we performed a time resolved spectral analysis of each burst 
and built its flux light curve (where the flux is integrated over 
the 8 keV-35 MeV energy range, i.e. the same spectral range 
where the spectral analysis is performed). Then we identified 
the time bin (on the timescale of the data resolution, which is 
typically 1.024 and 0.064 seconds for the long and short GRBs, 
respectively) corresponding to the largest flux and analyzed this 
spectrum to extract the peak spectrum parameters. We adopt this 
procedure for all GRBs, i.e. even those having a time integrated 
spectrum better described by a simple power law. 

4. Results 

The spectral parameters obtained from the analysis of the time- 
integrated spectra of the 438 Fermi/GBM bursts are reported in 
Tab. |2] and Tab. [3] In particular, in Tab. |2] we list all the 323 
bursts whose spectrum could be fitted with either the Band or 
CPL model (Col. 3). In five cases, the high-energy power-law 
index y6 is > -2: this reduces the number of bursts with well 
defined peak energy E°^^^ to 318. In Tab.|3]we report all the 109 
cases where a single power law is the best fit to the data and the 
6 cases where the spectral analysis was not possible due to lack 
of data. 

In both tables we give the time interval over which the time- 
integrated spectrum was accumulated and the best fit model 
(Col. 2, 3), the normalization constant (Col. 4) in units of pho- 
tons cm"^ s"' (computed at 100 keV for all models) and the 
spectral index a (Col. 5) of the low energy power law. The peak 
energy of the vFy spectrum and (for the spectra fitted with the 
Band model) the high energy spectral index /? are listed in Col. 
6 and Col. 7 of Tab.|2] respectively. We also report in both tables 
the value of the C-stat resulting from the fit and the associated 
degrees of freedom (dof). The last column in Tab.|2]gives the flu- 
ence obtained by integrating the best fit model over the 8 keV- 
35 MeV energy range. For the spectra fitted with the PL model 
we give the fluence (last column in Tab. |3]l computed over a 
smaller energy range, 8 keV-1 MeV, because we could not iden- 
tify where the peak energy is. For 4 bursts (GRB 081009140, 
GRB 090618353, GRB 090626189, and GRB 090926181) we 
performed the spectral analysis both including and excluding a 
few channels around the k-edge. In these cases, we report in ta- 
bles both the results. In 19 cases we found that the fit with a Band 
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model returns well constrained parameters, but it is not statisti- 
cally preferred to the Comp model (the C-stat improvement is 
lower than 9). In these cases we list in tables the parameters of 
both models. 

In Tab. |4]we report the results of the peak spectra analysis. 
In particular, we list the initial (fi) and final (fa) time of the se- 
lected temporal bin, the best fit model, its spectral parameters, 
C-stat and degrees of freedom. The last column lists the peak 
flux estimated in the 8 keV-35 MeV energy range. 

Finally, in Tab. |5] we list the spectral properties and the flu- 
ence collected from the GCN Circulars. For each bursts we also 
report the redshift (when available) and the GCN number. 



4. 1 . Time-integrated spectra 

Out of the 432 bursts for which it was possible to perform the 
spectral analysis, 359 are long and 73 are short. In the case of 
long (short) bursts, 274 (44) events have a well defined peak 
energy, while 4 (1) are best fitted with a Band model with /3 > 
-2. Most of the spectra are adequately fitted by the CPL model. 
This is true both for the long and short sub-groups. Among the 
109 spectra fitted with a simple power law model there are 81 
and 28 long and short events, respectively. 

In our analysis we integrated the spectrum over a time in- 
terval (AT) where the signal of the burst (for all Nal detectors 
combined) is larger than the average background. Therefore, we 
adopt this integration time to separate short and long GRBs (i.e. 
Af < 2s and Af > 2 s, respectively). The distribution of At is 
bimodal and short and long GBM bursts are well separated into 
two log normal distributions with central value (standard devi- 
ation) < Log(At) >= 1.42 (cr=0.39) and < LogiAt) >= -0.33 
(cr=0.38) for long and short GRBs, respectively. 

Fluence distribution — In Fig. [T] we show the LogN - LogF 
distributions of the Fermi GRBs analyzed. In order to show the 
fluence distribution of all the 432 GRBs that we could success- 
fully fit, we computed the fluence in the 8 keV-1 MeV for the 
323 GRBs fitted with either the Band or CPL model and for 
the 109 GRBs fitted with a power law. We show separately the 
LogN - LogF for long (359 events) and short (73 events) GRBs. 
At large fluences the distribution of long and short has a slope 
very similar to the euclidean one (-3/2), that is showed for com- 
parison. In Fig. |2] we show the LogN - LogF distribution by 
dividing our sample according to the best fit model. 

/ipeak distribution — In Fig. [3] we show the peak energy dis- 
tribution of the 318 GRBs (both long and short) and the fit with a 
gaussian (solid black line). Also, in Fig.[3]short and long events 
are shown separately and the Kolmogorov-Smirnov test gives a 
probability Pks - 3.4 x 10"'^ that the two distributions of E^^^j. 
for long and short GRBs are drawn from the same parent distri- 
bution. 



Spectral index distributions — In Fig.|4]we show the distribu- 
tion of the low energy spectral index a for all the 318 GRBs and 
for short and long GRBs separately (having a Pks - 7.3 x 10"'^). 
Finally, in Fig. |5]we show the distribution of the high-energy 
spectral index p for the 60 time integrated spectra which are fit- 
ted with the Band model (see Tab.|2]i. 

All the parameters distributions shown in Fig. [3] and |4] are 
fitted by gaussian functions whose parameters are reported in 
Tab.[I] 
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Fig. 1. Black histogram shows the LogN -LogF of the 432 GRBs 
analyzed in this work (Tab. |2] andO. Short GRBs (73 events) 
and long GRBs (359 events) are shown with (red) triangles and 
(blue) circles respectively. The dashed and dot-dashed lines are 
two power laws with slope -3/2. The fluence F in erg/cm^ is 
obtained by integrating the best fit model in the 8 keV - 1 MeV 
energy range. 




Fig. 2. LogN - LogF distribution of all the GRBs fitted with the 
CPL or Band model and well constrained E'^^^ (pink circles) and 
of the 109 GRBs fitted with a single PL model (green triangles). 
For reference a powerlaw with slope -3/2 is shown (dashed and 
dot-dashed line). The fluence F in erg/cm^ is obtained by inte- 
grating the best fit model in the 8 keV - 1 MeV energy range. 



4.2. Peak Spectra 

As anticipated, for each burst we also extracted and analyzed 
the spectrum corresponding to its peak flux. To this aim, we per- 
formed a time resolved spectral analysis of each burst. In the flux 
light curve we then selected the time bin (on the timescale given 
by the resolution of the data, i.e. typically 1.024 s and 0.064 s 
for long and short GRBs, respectively) with the largest flux. We 
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Log(Ep.J 

Fig. 3. Distribution of the peak energy for the GRBs Hsted in 
Tab. 12] fitted with either the Band or CPL model and with de- 
termined E°^\ (318 GRBs). The solid line shows the fit with a 

peak ^ ' 

Gaussian. Also shown (hatched blue and red histograms) are the 
distributions for 274 long and 44 short GRBs, respectively, and 
their gaussian fits (dot-dashed and dashed line for long and short 
events, respectively). 
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Low-energy spectral index 

Fig. 4. Distribution of the low-energy photon index for the 318 
GRBs listed in Tab.|2]fitted with either the Band or CPL model 
and with determined £'°''^ . The solid (black) line shows the fit 

peak ^ ^ 

with a Gaussian. Also shown (hatched blue and red histograms) 
are the distributions for 274 long and 44 short GRBs, respec- 
tively, and their gaussian fits (dot-dashed and dashed line for 
long and short events, respectively). 



have also verified that in most cases the peak of the count rate 
coincides with the peak of the flux. 

Out of 432 GRBs analyzed the peak spectrum could be ex- 
tracted and fitted with a Band or CPL model in 235 cases. As 
before, the best fit model is defined by requiring an improve- 
ment in the C-stat value of 9 (between a given model and a more 
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Fig. 5. Distribution of the high-energy photon index for 60 
GRBs whose time integrated spectrum is best fit with the Band 
model. 



Parameter 


Type 


#of GRBs 


Central value 






All 


318 


2.27 


0.40 


Short 


44 


2.69 


0.19 




Long 


272 


2.21 


0.36 


a 


All 


318 


-0.86 


0.39 




Short 


44 


-0.50 


0.40 




Long 


274 


-0.92 


0.35 



Table 1. Parameters of the gaussian fits of the distributions of 
the spectral parameters of Fenni/GBM bursts analyzed in this 
work. We report the central value and the standard deviation con- 
sidering all GRBs (318 events), short (44) and long (274) events 
with determined £'°''^ . 



complex one with one parameter more), and well constrained 
spectral parameters. In 27 cases (26 long and 1 short) the best fit 
model of the peak spectrum is different from that of the time- 
integrated spectrum. The spectral parameters of the peak spectra 
fitted with these two models are reported in Tab. |4] 

In Fig. |6] we compare the peak energy E°^^y_ and the low 
spectral index a at the peak flux with the values of the time in- 
tegrated spectrum for bursts having all these informations (227 
events.). Empty (filled) symbols refer to GRBs for which the 
time-integrated and the peak spectrum are described by the same 
(a different) best fit model. On average, the time integrated and 
peak spectrum values of ^pg^j^ are very similar, while the low 
energy spectral index, at the peak, is harder 

4.3. Comparison with GCN results 

Since August 2008, the Fermi GBM team is providing, through 
the GCN Circulars, preliminary results of the spectral analysis of 
a large number of the detected GRBs. For each burst, the GCN 
circular reports the burst's duration, spectral parameters, fluence 
and photon peak flux (all with their associated errors). GCN 
Circulars are promptly released when a burst occurs and are not 
updated since their first release. On the other hand, the GBM 
team is continuously providing, through the online archive, new 
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Fig. 7. Upper panel: crosses and squares show (for long and short events respectively) the time trend of the spectral properties (a on 
the left and E°^^^ on the right) for GBM bursts whose preliminary spectral analysis has been reported in the GCN Circulars. Circles 
and stars show the same for the sample of long and short bursts analyzed by us. We show only those bursts for which the same 
spectral models were used in our analysis and in the analysis reported in the GCN circulars. Time on the x-axis is in MJD units. 
Middle panels: central values and Icr width for the a (left) and ^p^^,^ (right) distributions (long bursts only) for the GCN sample 

(crosses) and our sample (circles) as a function of time. Bottom panels show the average a and for two different periods of 
time, till and after December 2008. 



versions of the detector response files, improved with respect to 
the first version used to perform their preliminary analysis. Our 
analysis benefits from the most updated response files. A mean- 
ingful comparison between our results and those preliminary re- 
ported by the GBM team must account for this difference. 

It is likely that the calibration of the different detectors 
changed and improved from the earliest to the latest Circular as 
well as the software and tools used by the Fermi team. If this is 
the case, spectral parameters of the first bursts detected by Fermi 
and reported in the GCN could be affected by systematic biases, 
hopefully not present in our analysis. To verify this possibility, 
we plotted the spectral parameters (a and ^p^^j^) as a function of 
the date (in MJD) of the GRB detection, to point out any possible 
systematic trend of their values and/or associated uncertainties. 
The spectral parameters (from our sample and from the GCN 
sample) are plotted in the upper panels of Fig. |7] 

In the GCN sample, long bursts (crosses in Fig.]?) detected at 
the beginning of the mission have a slightly harder a with respect 
to the following bursts and also to the same bursts analysed by us 
(filled circles). This trend is not present in the short burst sample 
(squares in Fig. |7ll. Note, however, that in this case the sample 
is small and short bursts are present in the GCN sample only 
starting from December 2008 (empty squares). 

A possible bias on the a values can be better quantified by 
probing how the a distribution for long bursts evolves in time. 



After having sorted GRBs according to their increasing date of 
detection, we consider the distribution of the spectral parameter 
up to a certain date and we fit it with a gaussian function, deriv- 
ing its central value and the standard deviation. This corresponds 
to show how the cumulative distributions change by increasing 
the time span. Since a systematic difference in a between our 
analysis and that reported in the GCNs might also be ascribed 
to a systematic difference in the choice of the best fit model, we 
use only those bursts for which the best fit model is the same in 
both the analysis. 

Our test starts on November 2008, when we start to have 
enough bursts for a reliable gaussian fit. The middle left panel 
in Fig. |2] shows our results. The y-axis shows the central value 
of the gaussian fit and the error bar correspond to its Icr width. 
In the GCN sample a trend is clearly visible. Although at the 
Icr level we see that all the central values are consistent, the 
mean of a (which is ~ -0.5 at the beginning) systematically 
evolves from harder to softer values and then it levels off at about 
-0.85. This result rules out the possibility that the bias is due to 
a different choice in the best fit model and suggests that another 
non physical effect could be biasing the low energy power law 
indices towards harder values in the first months of the GCN data 
analysis. This trend is not present in our sample (filled circles in 
Fig. |7] middle left panel), for which the a distribution does not 
evolve in time. 
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Fig. 6. Comparison between time integrated and peak flux spec- 
tral parameters for the 227 GRBs whose peak spectrum could be 
fitted with the Band or CPL model (reported in Tab.|4]and present 
also in Tab.|2]i. Top panel: peak energy Bottom panel: low energy 
spectral index (a). Empty (filled) symbols are GRBs for which 
the time-integrated and the peak flux spectra have same (differ- 
ent) best fit model. Squares refer to short events and circles to 
long events. 
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Fig. 8. Difference between a values reported in the GCN 
Circulars and a values derived from our analysis. Top panel: 
bursts for which the spectrum is described by the same model 
both in our analysis and in the GCN analysis. Bottom panel: 
bursts common to both samples no matter the spectral model 
chosen to describe the spectrum. 

tifies our choice of considering these two time intervals for the 
bottom panels of Fig.|7] showing that bursts in the GCN sample 
up to the end of December 2008 have a mean a - -0.5, while the 
a distribution of the remaining bursts is peaked around a - -0.9, 
perfectly consistent with our results. The same separation has 
been applied to our sample, which does not show any difference 
in a when comparing bursts before and after December 2008 
(bottom left panel in Fig.|2l filled circels). 

The £pg^i^ values (right panels in Fig. |7]) are untouched by 
this effect. The results from the two different samples are highly 
consistent. A weak trend is visible but note that the central value 
of the E°^'^, distribution spans between 130 keV and 150 keV, a 

peak ^ 

very small range if compared to the width of the distribution and 
to the typical errors on this parameter. 



The whole a distributions for the two different samples are 
somewhat different, with GCN sample having slightly harder 
spectral indices ((a)=-0.86 with respect to (a)=-0.92 derived 
from our analysis), as shown by the last point in the middle-left 
panel of Fig. IT] We are interested in understanding if this differ- 
ence can be totally ascribed to the bias affecting the first bursts 
and, in this case, in determining the date from which GCN pre- 
liminary results are consistent with those obtained by our anal- 
ysis with the most updated response files. The bottom panels of 
Fig. Q shows the average values of a and for two different 
periods of time: till the end of December 2008 and from January 
2009 to March 2010, respectively. 

Fig.[8]shows the difference Aa between the low energy spec- 
tral index as reported in the GCN sample and as derived by 
us, for bursts common to both samples. The upper panel shows 
bursts fitted with the same best fit model in both the analysis 
(i.e. the same sub-sample used in Fig.|7]l. The bottom panel, in- 
stead, shows all bursts common to both samples. Approximately 
up to the end of December 2008 this difference is not randomly 
distributed around Aa = 0, but is systematically larger This jus- 



5. Summary and Conclusions 

We analyzed the spectra of all GRBs detected by the Fermi 
Gamma-ray Burst Monitor (GBM) between 14 July 2008 and 
30 March 2010. These are 438 GRBs and for 432 of them we 
have all the needed data to perform the spectral analysis. The 
time-integrated spectrum is best fitted with a power law model 
(110 spectra - reported in Tab.O or a curved model (323 spectra 
- reported in Tab.|2]) which is either the Band model (65 spectra) 
or a cutoff-power law (CPL) model (258 spectra). 

Among the 432 GRBs for which we could analyze the spec- 
trum, we identify 73 short and 359 long bursts, respectively. 
Their LogN - LogF is similar (Fig.[T]) and its high-fluence tail 
is consistent with a powerlaw with slope -3/2. 

The 73% of the bursts detected by the GBM up to March 
2010 could be fitted with a curved model (Band or CPL, with 
a prevalence of the latter model) and in the majority (318 out 
of 323) of these cases we could constrain the spectral parame- 
ters and in particular the peak energy E'^^^^ of the vFy spectrum. 
This is possible thanks to the large energy range of the GBM 
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spectra extending from 8 keV to ~35 MeV. This is the sample 
we considered for the characterization of the spectral parame- 
ters of the time-integrated spectra of Fermi GRBs. Within this 
sample there are 44 short and 274 long GRBs. The comparison 
of their spectral properties shows that short GRBs have higher 
^peak '■'^^'^ ^'^^E events (Fig. |3]l and a slightly harder low energy 
spectral index a (Fig.|4]i. 

The finding that short Fermi GRBs have harder peak energy 
than long events seems opposite to what found from the compar- 
ison of short and long GRBs detected by BATSE (Ghirlanda et 
al. 2009). However, the Fermi short GRBs have also larger peak 
fluxes than long events. A more detailed comparison between 
long and short GRBs detected by Fermi/GBM and BATSE is 
presented in Nava et al. 2011 . 

A second major part of the present work was aimed to char- 
acterize the spectra of the peak of each GRB. Through time re- 
solved spectroscopy we isolated and analyzed the spectrum cor- 
responding to the peak of the flux light curve of each burst. The 
results are reported in Tab. |4] By comparing the peak spectrum 
and the time-integrated spectrum of individual GRBs we find 
that the peak spectra have similar ^p^^j^ of the time integrated 
spectra but harder low energy spectral index a (Fig.|6l). 

Finally we compared the results of our spectral analysis with 
those reported in the GCN circulars. We found that, due the still 
not fully completed calibrations of the GBM detectors, the GCN 
results of bursts comprised between July and December 2008 
are affected by a systematic overestimate of the hardness of the 
GRB spectrum at low energies (i.e. the spectral parameter a). 
This systematic bias does not affect and is not present in 
our results which are obtained with the most recent releases of 
the GBM response files. 
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Table 2. Spectral parameters of the time averaged spectra of 323 FermilGSM GRBs fitted with a curved function. "For all models the pivot energy 
for the amplitude is 100 keV. Fluences are in the range 8 keV - 35 MeV. 
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Table 2. continued. Spectral parameters of the time averaged spectra of 323 Fermi/GBM GRBs fitted with a curved function. "For all models the 
pivot energy for the amplitude is 100 keV. Fluences are in the range 8 keV - 35 MeV. 
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Table 2. continued. Spectral parameters of the time averaged spectra of 323 FermilGSM GRBs fitted with a curved function. "For all models the 
pivot energy for the amplitude is 100 keV. Fluences are in the range 8 keV - 35 MeV. 
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Table 2. continued. Spectral parameters of the time averaged spectra of 323 Fermi/GBM GRBs fitted with a curved function. "For all models the 
pivot energy for the amplitude is 100 keV. Fluences are in the range 8 keV - 35 MeV. 
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Table 2. continued. Spectral parameters of the time averaged spectra of 323 FermilGSM GRBs fitted with a curved function. "For all models the 
pivot energy for the amplitude is 100 keV. Fluences are in the range 8 keV - 35 MeV. 
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Table 2. continued. Spectral parameters of the time averaged spectra of 323 FermilGSM GRBs fitted with a curved function. "For all models the 
pivot energy for the amplitude is 100 keV. Fluences are in the range 8 keV - 35 MeV. 
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Table 3. Spectral parameters of the time-averaged spectra of 109 FermilGSM GRBs fitted with a powerlaw. The fluence is computed in the 8 
keV-1 MeV energy range. The 6 GRBs for which the analysis can not be performed (due to lack of data) are also listed. "The pivot energy for the 
amplitude is 100 keV. 
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Table 3. continued. Spectral parameters of the time-averaged spectra of 109 FermilGSM GRBs fitted with a powerlaw. The fluence is computed 
in the 8 keV-1 MeV energy range. The 6 GRBs for which the analysis can not be performed (due to lack of data) are also listed. "The pivot energy 
for the amplitude is 100 keV. 
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4- n on 
t u.yu 


1 

— 1 


Q/1 _l_ 

.j4+ 


u. 


n^ 

.Uj 


A/iO QA 

04 /.jO 


cno 

jy / 


on_i_ n /1 1 
z.zU+ U.41 


1 nn 1111 'VA 

1 uu 1111/0 


1 Q /I A 

iy.4D 


DT 

rL 


1.21± 


0.06 


1 

—1 


. /z+ 


n 
U. 


n/1 
.U4 


AO^ An 
/ j.OU 


jy / 


1 Q nA-u 1 1 A 

iy.uo+ j.io 


100112418 


56.32 


PL 


0.08± 


0.01 


-3 


.52± 


0, 


,07 


2685.5 


700 


22.92+ 11.84 


100126460 


16.38 


PL 


0.75± 


0.08 


-1 


.39± 


0, 


.06 


364.49 


359 


12.40+ 3.24 


100207721 


93.19 


PL 


0.20± 


0.01 


-3 


.98+ 


0, 


.01 


1377.0 


592 


218.3+ 1.88 


100225249 


13.31 


PL 


1.26+ 


0.20 


-1 


.35± 


0, 


.07 


349.10 


356 


17.73+ 4.63 


100228873 


6.14 


PL 


1.92± 


0.13 


-1 


.77± 


0, 


,05 


473.53 


478 


9.35± 0.79 


100306199 


11.26 


PL 


0.82+ 


0.09 


-1 


.58± 


0, 


,09 


426.76 


354 


8.02+ 1.12 


100313509 


55.30 


PL 


0.99± 


0.04 


-1 


.89± 


0, 


,03 


587.85 


470 


42.35+ 4.62 


100315361 


25.60 


PL 


0.98+ 


0.05 


-1 


.40+ 


0, 


,04 


498.38 


477 


25.27+ 3.77 


100327405 
























100330856 


15.36 


PL 


0.90± 


0.08 


-1 


.65+ 


0, 


,07 


344.77 


356.00 


11.53+ 3.68 



L. Nava et al.: Spectral properties of 438 GRBs detected by FermilGSM 19 

Table 4. Spectral parameters of the peak spectra of 235 Fermi/GBM GRBs fitted with a curved function. "For all models the pivot energy for the 
amplitude is 100 keV. The flux is computed in the 8 keV-35 MeV energy range. 



GRB 




h 


h 


Model "A/IO"^ 


a 


^peak J 


J C-stat dof Flux/ 10-' 




s 


s 


s 


ph/cm^/s 




keV 


erg/cmVs 



080714745 


28.672 


2.56 


3.58 


Band 


752.90±712.00 


0.72± 0.51 


78.5± 10.5 


-2.07± 


0.08 


669 


28 


598 


24.01± 3.80 


080715950 


14.336 


1.02 


2.05 


CPL 


21.67± 1.15 


-1.22± 0.04 


569.1± 90.2 






788 


22 


717 


18.81± 1.50 


080723557 


73.7288 


55.04 


56.06 


CPL 


115.00±3.05 


-0.65± 0.03 


407.3± 12.9 






522 


12 


472 


72.47± 1.60 


080723985 


60.417 


13.06 


14.08 


CPL 


36.28± 1.87 


-0.79± 0.05 


460.2± 35.8 






523 


09 


475 


26.58± 1.30 


080724401 


120.834 


21.12 


22.14 


Band 


132.70± 23.80 


-0.41±0.10 


109.1±7.12 


-2.43± 


0.12 


661 


31 


595 


17.25± 1.80 


080725435 


37.888 


6.14 


7.17 


CPL 


13.40± 1.77 


-0.87± 0.11 


330.3± 56.2 






501 


36 


477 


6.67± 0.70 


080727964 


81.921 


14.34 


15.36 


CPL 


20.01± 2.84 


-0.55±0.13 


286.1 ±36.0 






947 


11 


829 


7.54± 0.67 


080730520 


24.576 


3.84 


4.86 


CPL 


34.86± 6.16 


-0.78±0.12 


148. 6± 14.2 






756 


82 


699 


6.26± 0.38 


080730786 


10.24 


1.28 


2.30 


Band 


111.80± 9.49 


-0.39± 0.06 


154.8±5.84 


-3.3 1± 


0.31 


637 


68 


593 


16.61±0.72 


080802386 


0.384 


-0.06 


0.00 


CPL 


23.52± 3.84 


-0.13± 0.24 


1051.0± 238.0 






345 


89 


355 


90.87± 18.02 


080804972 


31.744 


7.17 


8.19 


CPL 


13.63± 1.77 


-0.88± 0.10 


351.1±67.4 






677 


90 


593 


7.30± 0.88 


080806584 


7.168 


-1.02 


0.00 


CPL 


440.90±397.00 


1.05±0.54 


71.05± 4.95 






369 


70 


353 


1.72± 0.14 


080806896 


92.162 


27.65 


28.67 


CPL 


56.14± 8.02 


-0.76± 0.08 


117.2± 7.52 






876 


70 


823 


7.28± 0.30 


080807993 


27.648 


0.00 


1.70 


CPL 


16.22± 0.73 


-0.84± 0.05 


1141.0± 205.0 






598 


22 


590 


34.17± 4.60 


080808565 


25.6 


5.12 


6.14 


CPL 


49.46± 12.40 


-0.85±0.13 


71.97±4.69 






525 


41 


481 


3.98± 0.18 


080808772 


178.178 


^3.01 


-38.91 


CPL 


50.63± 39.40 


0.02± 0.41 


59.62± 5.34 






532 


08 


479 


0.68± 0.06 


080816503 


58.369 


35.33 


36.35 


CPL 


52.22± 6.37 


-0.72± 0.08 


140.8± 8.69 






629 


35 


600 


8.24± 0.33 


080816989 


3.6 


0.00 


1.00 


CPL 


10.96± 0.49 


-0.36± 0.05 


1755.0± 141.0 






678 


95 


599 


76.55± 5.50 


080817161 


91.137 


7.17 


8.19 


Band 


55.48± 3.41 


-0.72± 0.05 


351.3± 30.2 


-2.11± 


0.09 


526 


58 


477 


62.71± 6.41 


080818579 


33.793 


0.00 


1.41 


CPL 


19.34± 3.02 


-0.75± 0.12 


217.7± 27.7 






550 


70 


479 


5.52± 0.87 


080818945 


15.36 


2.82 


3.84 


CPL 


18.85± 9.15 


-1.16± 0.25 


56.75± 7.33 






555 


73 


475 


2.05±0.18 


080821332 


10.24 


0.00 


1.28 


CPL 


56.98± 6.17 


-0.63± 0.07 


150.2± 8.1 






365 


48 


358 


9.00± 0.34 


080824909 


28.672 


0.00 


1.28 


CPL 


29.94± 3.43 


-0.96± 0.07 


200.3±21.6 






527 


57 


479 


8.97± 0.55 


080825593 


41.984 


2.69 


3.71 


Band 


174.20± 10.50 


-().42± 0.04 


217.4± 9.56 


-2.32± 


0.07 


731 


22 


716 


75.76± 5.20 


080831921 


81.921 


2.05 


3.07 


CPL 


84.61± 40.60 


0.46± 0.38 


122.6± 10.5 






542 


29 


478 


3.15± 0.26 


080904886 


25.6 


6.14 


7.17 


CPL 


111.40± 15.80 


-1.05±0.07 


52.79± 1.58 






651 


02 


588 


8.89± 0.20 


080905499 


0.704 


-0.06 


0.00 


CPL 


26.57± 5.69 


-0.06± 0.30 


532.3± 103.0 






521 


99 


595 


29.45± 4.70 


080906212 


7.168 


0.00 


1.66 


Band 


157.80± 10.50 


-0.33± 0.04 


173.3± 6.47 


-2.44± 


0.11 


645 


18 


597 


40.15± 3.10 


080913735 


29.696 


17.66 


18.69 


CPL 


88.48± 40.90 


0.34± 0.31 


111.5±9.69 






395 


09 


352 


2.96± 0.24 


080916009 


88.581 


4.61 


5.63 


CPL 


30.34± 0.63 


-1.07± 0.02 


2073.0+ 253.0 






635 


98 


602 


91.06±7.70 


080916406 


60.417 


2.56 


3.58 


CPL 


46.85±9.57 


-0.11±0.15 


154.0± 10.7 






490 


80 


485 


4.87+ 0.27 


080925775 


35.84 


5.38 


6.40 


Band 


104.80± 9.68 


-0.65± 0.06 


165.0± 10.1 


-2.43± 


0.13 


748 


54 


721 


30.45± 3.00 


081008832 


79.8727 


15.36 


16.38 


CPL 


19.88±5.48 


-0.36± 0.20 


176.4± 23.9 






638 


80 


605 


3.21±0.33 


081009140 


40.9606 


2.82 


3.84 


CPL 


78 1.70± 45.20 


-1.07±0.03 


53.63±0.62 






543 


60 


465 


66.85± 0.62 


081009690 


35.84 


1.41 


2.43 


Band 


61.61± 27.80 


-0.37± 0.25 


117.7± 23.1 


-1.93± 


0.11 


459 


41 


480 


20.58± 1.22 


081012045 


0.96 


0.38 


0.45 


CPL 


18.20± 2.60 


-0.49± 0.21 


1089.00± 364.0 






474 


78 


480 


51.06± 12.99 


081021398 


44.0326 


2.32 


3.34 


CPL 


84.63± 35.70 


0.34± 0.32 


131.7± 12.2 






391 


66 


359 


4.21± 0.35 


081025349 


25.6 


1.54 


2.56 


CPL 


18.73± 3.10 


-0.16± 0.18 


307.3± 36.5 






700 


06 


723 


7.25± 0.69 


081028538 


19.456 


0.00 


2.05 


Band 


373.60±269.00 


0.36± 0.34 


59.66±5.91 


-2.25± 


0.10 


580 


83 


472 


7.04± 0.65 


081101532 


9.725 


1.54 


2.56 


Band 


37.49± 2.71 


-0.48± 0.08 


476.0± 50.3 


-2.23± 


0.16 


613 


62 


601 


57.45± 8.69 


081102365 


2.5 


0.00 


0.50 


CPL 


16.85± 3.36 


-0.43±0.19 


322.2±58.8 






682 


00 


599 


7.40± 0.96 


081102739 


46.081 


18.43 


19.46 


CPL 


26.93± 14.10 


-0.64± 0.29 


83.19± 11.8 






557 


64 


481 


1.87± 0.19 


081107321 


3.0 


1.00 


1.50 


CPL 


322.60± 65.80 


-0.07± 0.12 


76.87± 2.35 






777 


73 


722 


8.37± 0.23 


081110601 


20.48 


0.00 


0.83 


CPL 


49.78± 1.44 


-0.82± 0.03 


715.9± 46.4 






500 


38 


481 


61.64± 2.60 


081118876 


19.965 


7.68 


8.70 


CPL 


71.44± 10.90 


-0.68± 0.09 


98.99± 5.01 






667 


64 


605 


6.73± 0.23 


081121858 


26.624 


6.14 


7.17 


Band 


59.89± 21.60 


-0.21± 0.28 


206.9± 43.8 


-1.86± 


0.09 


331 


23 


353 


51.68± 8.31 


081122520 


21.504 


0.00 


2.05 


Band 


66.42± 4.98 


-0.44± 0.06 


205.1± 10.0 


-2.60± 


0.16 


726 


41 


721 


20.66± 1.80 


081124060 


24.576 


11.78 


12.80 


Band 


92.83± 30.30 


-1.53±0.13 


18.31± 1.89 


-3.05± 


0.17 


774 


02 


718 


9.96± 0.51 


081125496 


10.365 


2.18 


3.20 


Band 


272.40± 21.40 


-0.01 ±0.06 


198. 2± 6.81 


-2.96± 


0.20 


634 


47 


600 


54.25± 3.20 


081126899 


38.912 


2.18 


3.20 


Band 


30.35± 3.96 


-0.55±0.10 


296.2±41.9 


-2.19± 


0.22 


474 


14 


480 


24.82± 6.20 


081129161 


26.749 


0.00 


1.15 


Band 


89.76+ 10.80 


-0.27± 0.09 


234.1± 19.8 


-2.13± 


0.09 


361 


41 


356 


54.37± 6.59 


081130629 


15.36 


2.30 


3.33 


CPL 


16.67± 3.38 


-0.97± 0.13 


165. 1± 25.1 






436 


86 


479 


4.07± 0.35 


081204004 


4.096 


0.00 


1.02 


CPL 


18.39± 4.27 


-0.69± 0.16 


191.5±31.1 






578 


38 


482 


4.26± 0.46 


081204517 


0.384 


-0.06 


0.00 


CPL 


58.32± 13.00 


-0.38± 0.20 


344.0± 72.0 






487 


69 


479 


28.25± 5.12 


081207680 


103.426 


37.89 


38.91 


CPL 


U.01±0.55 


-0.87± 0.06 


1375.0± 275.0 






632 


02 


601 


27.74±4.10 


081209981 


0.32 


0.00 


0.06 


CPL 


77.05± 5.17 


-0.23± 0.10 


829.6± 84.1 






461 


40 


474 


175.67± 14.88 


081215784 


9.468 


1.28 


2.30 


Band 


223. 10± 3.11 


-0.53±0.01 


623.0± 15.0 


-2.32± 


0.03 


530 


58 


478 


440. 12± 10.99 


081216531 


0.768 


0.58 


0.64 


CPL 


102.80± 4.50 


-0.38± 0.06 


1408.0± 120.0 






639 


76 


603 


487.2 1± 36.02 


081217983 


58.368 


8.19 


9.22 


CPL 


55.18± 8.03 


-0.31±0.10 


157.1±9.2 






599 


19 


603 


7.00± 0.30 


081221681 


39.422 


20.99 


22.02 


Band 


399.40± 28.90 


-0.16± 0.04 


109.8±2.08 


^.05± 


0.40 


690 


01 


604 


24.15±0.50 


081222204 


21.504 


3.33 


4.35 


CPL 


54.67± 4.42 


-0.88± 0.04 


225.0± 12.6 






622 


31 


605 


17.59± 0.58 


081223419 


0.832 


0.06 


0.13 


CPL 


107.50± 24.50 


-0.49± 0.17 


194.1± 23.8 






555 


39 


601 


22.06± 1.89 


081224887 


19.614 


2.21 


3.23 


CPL 


106.00± 2.85 


-0.40± 0.03 


423.8± 12.0 






538 


23 


481 


71.94± 1.50 


081226156 


80.897 


6.66 


7.68 


CPL 


29.73± 9.81 


-0.78± 0.18 


84.82± 8.02 






508 


15 


482 


2.61±0.17 


081226509 


0.448 


0.00 


0.06 


CPL 


58.75± 13.80 


0.24± 0.30 


336.2± 49.3 






631 


12 


602 


26.32± 3.30 


081231140 


41.985 


25.60 


26.62 


CPL 


47.49± 2.91 


-0.86± 0.05 


256.9± 15.5 






619 


12 


600 


17.64± 0.60 


090101758 


46.08 


92.67 


93.70 


CPL 


68.09± 7.31 


-0.71 ±0.07 


160.5±9.72 






527 


43 


480 


12.68± 0.48 


090102122 


38.912 


15.62 


16.64 


CPL 


49.02± 2.17 


-0.25± 0.05 


389.9± 15.7 






585 


22 


600 


29.28± 0.91 


090108020 


0.768 


0.00 


0.06 


CPL 


369.60± 68.60 


-0.15±0.13 


134.3±7.62 






556 


86 


602 


30.65± 1.50 


090112729 


17.408 


2.56 


3.58 


CPL 


81.09± 6.68 


-0.62± 0.06 


181.6± 8.26 






574 


59 


477 


16.59± 0.49 


090113778 


12.288 


0.00 


1.02 


CPL 


19.07± 3.58 


-0.63± 0.14 


211.0±27.5 






597 


50 


600 


4.83± 0.39 


090126227 


11.264 


-0.51 


0.00 


CPL 


96.54± 70.20 


-0.49± 0.34 


46.53± 4.32 






532 


10 


479 


2.12± 0.17 


090129880 


16.384 


0.77 


1.79 


CPL 


17.35± 1.43 


-1.24± 0.06 


381.1±71.4 






608 


98 


603 


10.95± 0.98 


090131090 


30.974 


6.40 


7.42 


Band 


3976±988.00 


0.13±0.11 


40.78± 0.91 


-2.75± 


0.04 


752 


99 


600 


27.47± 0.56 


090202347 


18.432 


8.70 


9.73 


CPL 


22.58± 1.90 


-0.93± 0.07 


333.0± 39.4 






589 


33 


603 


11.52± 0.84 


090206620 


0.384 


0.00 


0.06 


CPL 


42.90±5.81 


-0.17± 0.21 


580.1±98.9 






478 


73 


476 


53.22± 7.30 


090207777 


14.336 


0.00 


2.05 


CPL 


11.08± 1.26 


-0.64± 0.12 


373. 1± 50.0 






790 


65 


717 


6.20± 0.58 


090217206 


34.941 


6.27 


7.30 


CPL 


33.15± 1.14 


-0.66± 0.04 


636.1±41.5 






821 


85 


722 


38.06± 1.70 


090222179 


26.624 


4.10 


5.12 


CPL 


29.67± 8.93 


-0.37± 0.20 


138.5± 15.6 






554 


69 


477 


3.24± 0.27 


090227310 


16.253 


1.92 


2.94 


CPL 


10.68± 0.66 


-0.81± 0.08 


1270.0± 301.0 






642 


72 


604 


26.25± 3.88 


090227772 


0.704 


0.00 


0.06 


Band 


217.70± 6.01 


-0.06± 0.03 


201 1.0± 64.1 


-3.56± 


0.22 


478 


55 


477 


3451± 96.56 
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Table 4. continued. Spectral parameters of the peak spectra of 235 Fermi/GBM GRBs fitted with a curved function. "For all models the pivot 
energy for the amplitude is 100 keV. The flux is computed in the 8 keV-35 MeV energy range. 



GRB 


M 


h 


h 


Model 'AJIO-' 


a 


^peak 1 


J C-stat dof Flux/ 10-' 




s 


s 


s 


ph/cm^/s 




keV 


erg/cmVs 



090228204 


0.512 


0.00 


0.06 


Band 


376.50± 8.87 


-0.21+ 0.03 


870.4+ 34.4 


-3.42+ 0.31 


790.15 


724 


1051+41.97 


090228976 


9.216 


0.00 


1.66 


CPL 


6.58± 1.63 


-0.33+ 0.28 


315.5+61.3 




822.25 


724 


2.74+ 0.35 


090305052 


3.072 


0.00 


0.48 


CPL 


15.41± 0.92 


-0.49+ 0.09 


1028.0+ 148.0 




729.87 


602 


39.72+ 4.50 


090308734 


1.664 


0.64 


0.70 


CPL 


39.67± 4.80 


-0.26+ 0.14 


689.2+ 92.5 




782.96 


842 


63.69+ 6.47 


090310189 


94.209 


0.00 


0.90 


CPL 


29.22± 6.97 


-0.11+0.22 


237.6+ 31.8 




510.51 


480 


6.88+ 0.75 


090323002 


197.634 


65.54 


66.56 


CPL 


45.55± 1.76 


-0.69+ 0.04 


461.9+ 26.7 




578.70 


588 


33.89+ 1.30 


090326633 


13.312 


6.14 


7.17 


CPL 


90.72± 51.30 


-0.31+0.30 


57.89+ 4.29 




780.11 


719 


2.06+ 0.14 


090327404 


19.456 


9.22 


10.24 


CPL 


27.48± 10.40 


-0.69+ 0.21 


87.39+ 9.33 




645.55 


603 


2.22+ 0.16 


090328401 


67.585 


23.55 


24.58 


CPL 


61.99± 1.78 


-0.76+ 0.03 


458.8+ 19.8 




950.01 


843 


45.36+ 1.30 


090328713 


0.192 


0.00 


0.06 


CPL 


54.01± 2.88 


-0.87+ 0.06 


1782.0+ 338.0 




508.36 


473 


183.30+ 25.95 


090330279 


51.2 


12.29 


13.31 


CPL 


20.32± 1.92 


-0.88+ 0.08 


331.5+41.2 




640.04 


591 


10.18+ 0.83 


090411838 


20.48 


10.24 


11.26 


CPL 


22.87± 3.19 


-0.70+ 0.10 


247.4+ 31.6 




461.88 


482 


7.49+ 0.69 


090411991 


20.989 


5.63 


6.66 


CPL 


16.44± 2.57 


-0.92+ 0.12 


318.3+ 65.3 




435.50 


358 


7.97+ 1.04 


090413122 


22.528 


5.12 


6.14 


CPL 


16.66± 3.60 


-0.68+ 0.17 


205.0+ 29.6 




621.81 


599 


4.20+ 0.39 


090423330 


14.336 


^.10 


0.00 


CPL 


64.94± 36.50 


-0.09+ 0.31 


68.22+5.34 




637.81 


599 


1.36+ 0.09 


090424592 


34.046 


0.00 


1.28 


Band 


437.70± 9.65 


-0.83+0.01 


152.0+ 2.01 


-3.50+0.18 


845.42 


723 


91.15+ 1.40 


090425377 


37.8887 


58.56 


59.58 


CPL 


28.98±2.35 


-1.36+ 0.05 


250.8+ 37.6 




594.02 


596 


14.21+ 0.92 


090428441 


6.144 


0.00 


1.60 


CPL 


66.37± 15.50 


-0.43+0.14 


92.03+5.1 




632.45 


595 


3.97+ 0.17 


090502777 


41.9845 


37.50 


38.53 


CPL 


49.58± 15.40 


-0.64+0.18 


84.5+ 6.46 




517.73 


479 


3.52+ 0.20 


090510016 


1.536 


0.51 


0.58 


CPL 


98.84± 3.49 


-0.70+ 0.03 


2618.0+ 219.0 




435.31 


480 


698.93+ 46.26 


090511684 


5.12 


0.00 


2.05 


CPL 


12.17± 2.77 


-0.60+0.16 


200.1+ 30.7 




472.78 


470 


2.82+ 0.30 


090514006 


50.177 


0.00 


1.54 


CPL 


18.35± 1.45 


-0.97+ 0.06 


419.1+63.0 




553.29 


478 


12.06+ 1.10 


090514726 


6.144 


0.00 


0.38 


CPL 


50.60± 8.62 


-0.35+0.16 


265.7+ 30.5 




356.74 


360 


15.94+ 1.32 


090516137 


132.098 


80.90 


81.92 


CPL 


11.67± 1.56 


-0.86+ 0.11 


369.1+71.5 




799.94 


722 


6.59+ 0.78 


090516853 


19.456 


0.00 


1.95 


CPL 


20.12± 1.52 


-1.09+ 0.05 


351.8+49.1 




464.90 


479 


11.34+ 1.03 


090518080 


6.144 


0.00 


1.28 


CPL 


12.76± 2.36 


-1.02+ 0.12 


191.7+ 32.6 




743.42 


718 


3.81+0.35 


090518244 


12.288 


0.00 


1.15 


CPL 


56.33± 11.50 


-0.19+ 0.15 


152.4+ 11.2 




384.28 


355 


6.14+ 0.41 


090519462 


7.168 


-1.54 


0.00 


CPL 


20.62± 6.87 


-0.58+ 0.22 


120.5+ 13.8 




749.59 


710 


2.25+0.17 


090520850 


7.168 


2.18 


3.20 


CPL 


29.25± 5.08 


-0.58+ 0.13 


212.6+ 26.0 




512.26 


481 


7.30+ 0.57 


090520876 


18.432 


3.07 


4.10 


CPL 


109.30+ 29.10 


-0.70+ 0.13 


49.66+ 1.88 




617.29 


594 


4.09+ 0.24 


090522344 


26.624 


0.00 


2.05 


CPL 


14.12+ 4.36 


-0.92+ 0.19 


119.8+ 16.9 




603.96 


580 


2.31+ 0.19 


090524346 


60.417 


5.12 


6.14 


Band 


120.80± 12.80 


-0.46+ 0.07 


140.2+ 6.69 


-3.07+ 0.35 


693.96 


717 


17.15+ 1.30 


090528173 


55.297 


3.07 


4.10 


Band 


20.64± 16.40 


-1.31+0.35 


46.47+ 13.1 


-2.30+ 0.20 


778.25 


711 


4.39+ 0.93 


090528516 


120.834 


9.22 


10.24 


Band 


47.67 + 4.20 


-0.84+ 0.06 


262.6+ 29.2 


-2.19+ 0.16 


720.24 


721 


34.61+ 5.53 


090529310 


6.144 


0.00 


1.28 


CPL 


21.30+ 5.93 


-0.65+0.18 


128.2+ 14.6 




716.78 


599 


2.74+ 0.21 


090529564 


12.288 


9.02 


10.05 


CPL 


117.80+ 5.68 


-0.75+ 0.03 


199.9+ 6.74 




770.20 


714 


30.06+ 0.63 


090530760 


172.032 


4.10 


5.12 


Band 


265.40± 75.50 


0.48+0.18 


122.1+ 8.25 


-2.31+0.11 


564.01 


479 


21.43+ 2.70 


090602564 


23.552 


2.82 


3.84 


CPL 


9.12± 1.68 


-0.28+ 0.27 


552.8+ 145.0 




359.99 


354 


9.94+ 2.10 


090612619 


17.408 


0.00 


2.05 


Band 


24.27+ 1.64 


-0.47+ 0.07 


427.0+ 40.6 


-2.21+0.18 


735.93 


596 


32.46+ 5.80 


090617208 


0.256 


0.00 


0.06 


Band 


66.88+ 9.77 


0.74+ 0.29 


520.9+ 73.2 


-2.23+ 0.20 


590.25 


600 


228.68+ 46.95 


090618353 


182.275 


64.00 


65.03 


Band 


244.90+ 9.05 


-0.91+0.03 


313.2+ 14.0 


-2.42+ 0.07 


244.46 


233 


173.00+ 7.30 


090620400 


17.661 


4.35 


5.38 


Band 


159.50+ 10.50 


0.03+ 0.05 


207.1+6.61 


-2.96+ 0.22 


706.78 


599 


34.05 + 2.30 


090621185 


65.537 


9.22 


10.24 


CPL 


35.27+ 13.60 


-0.67+0.21 


84.22+ 9.03 




478.60 


475 


2.62+ 0.19 


090621417 


38.913 


4.10 


5.12 


CPL 


28.89+ 7.51 


-0.40+0.19 


157.2+ 17.2 




701.48 


595 


3.98+ 0.31 


090621922 


0.128 


0.00 


0.06 


CPL 


51.30± 11.70 


-0.30+ 0.27 


405.4+ 90.3 




325.22 


358 


32.66+ 5.80 


090623107 


60.417 


0.00 


1.15 


CPL 


24.25± 1.52 


-0.18+ 0.08 


509.9+ 39.5 




605.09 


598 


23.68+ 1.60 


090623913 


56.321 


2.05 


3.07 


CPL 


11.35± 1.16 


-1.04+ 0.09 


518.3+ 126.0 




753.31 


714 


9.24+ 1.30 


090626189 


64.513 


2.82 


3.84 


Band 


421.50+49.70 


-0.22+ 0.07 


133.9+ 6.21 


-2.30+ 0.06 


508.49 


467 


75.07+ 3.90 


090630311 


6.144 


0.00 


2.05 


CPL 


28.38+ 6.27 


-1.09+ 0.12 


64.76+ 3.94 




709.68 


696 


3.08+ 0.12 


090709630 


18.432 


2.05 


3.07 


CPL 


24.96+ 6.77 


-0.65+0.17 


128.7+ 16.1 




647.26 


600 


3.26+ 0.27 


090711850 


88.065 


0.51 


1.54 


CPL 


29.30+ 7.05 


-0.13+0.21 


205.6+ 23.0 




497.66 


473 


5.31+0.50 


090713020 


49.153 


3.07 


4.10 


Band 


330.90+243.00 


1.42+ 0.51 


103.1+8.44 


-2.95+ 0.40 


755.81 


709 


3.76+ 0.67 


090717034 


68.609 


4.86 


5.89 


Band 


70.84± 6.24 


-0.88+ 0.05 


176.1+ 14.2 


-2.17+ 0.10 


876.79 


825 


35.05+ 4.20 


090718762 


30.717 


21.50 


22.53 


Band 


160.30± 7.76 


-0.75+ 0.03 


198.9+ 7.79 


-2.63+ 0.14 


630.16 


593 


54.72+ 3.60 


090719063 


19.709 


4.35 


5.38 


Band 


230.30± 8.17 


-0.30+ 0.03 


275.2+ 7.18 


-3.01+0.16 


499.00 


473 


91.51+ 3.60 


090720276 


6.144 


0.00 


1.22 


CPL 


105.10± 16.30 


-0.49+ 0.10 


123.5+ 6.86 




396.80 


354 


10.77+ 0.43 


090720710 


17.022 


5.76 


6.78 


CPL 


30.50+ 1.16 


-0.84+ 0.04 


657.8+ 57.4 




652.62 


592 


33.79+ 2.00 


090730608 


19.456 


3.20 


4.22 


CPL 


18.32+ 3.56 


-0.68+0.15 


219.0+ 32.9 




813.71 


704 


5.03+ 0.58 


090802235 


0.128 


0.00 


0.06 


CPL 


177.40+ 22.90 


-0.55+0.11 


306.8+ 33.7 




305.28 


355 


74.18+ 5.70 


090804940 


11.264 


1.47 


2.50 


CPL 


414.10+25.60 


-0.35+ 0.04 


114.1+ 1.99 




478.08 


466 


32.00+ 0.41 


090807832 


6.144 


0.00 


1.86 


CPL 


22.19+ 6.04 


-1.42+ 0.13 


35.04+ 2.7 




779.06 


705 


2.72+ 0.10 


090809978 


19.456 


3.07 


4.10 


Band 


157.30± 12.90 


-0.47+ 0.05 


193.4+ 11.2 


-2.16+ 0.07 


471.81 


477 


72.31+ 6.00 


090810659 


112.642 


109.57 


110.59 


CPL 


38.87± 15.70 


-1.27+ 0.19 


43.15+ 4.11 




417.79 


352 


4.09+0.25 


090810781 


36.864 


5.12 


6.14 


CPL 


26.98± 12.40 


-0.68+ 0.26 


89.25+ 11.5 




486.29 


475 


2.20+ 0.21 


090811696 


16.384 


-0.26 


0.00 


CPL 


8.32± 1.06 


-0.42+ 0.22 


999.8+ 287.0 




735.55 


701 


21.86+ 6.60 


090813174 


9.725 


0.00 


1.54 


Band 


66.11+9.69 


-0.71+0.08 


140.6+ 13.0 


-2.21+0.10 


495.58 


463 


21.35+2.80 


090814368 


0.576 


0.13 


0.19 


CPL 


32.77+ 3.37 


-0.39+0.15 


837.5+ 170.0 




703.23 


715 


66.80+ 11.00 


090814950 


173.058 


67.58 


68.61 


CPL 


11.47+ 1.54 


-0.68+0.14 


618.9+ 169.0 




354.62 


348 


12.60+ 2.74 


090815438 


24.576 


16.38 


17.41 


CPL 


70.14+ 13.20 


-1.16+ 0.09 


55.58+ 2.73 




535.53 


476 


7.43+ 0.24 


090819607 


0.448 


-0.06 


0.00 


CPL 


51.19+ 13.40 


0.30+ 0.36 


313.9+44.6 




637.90 


711 


19.56+ 2.40 


090820027 


32.769 


33.79 


34.82 


Band 


741.90+ 18.70 


-0.48+ 0.02 


240.5+ 4.65 


-2.80+ 0.06 


418.86 


344 


269.83+ 5.70 


090820509 


12.2882 


0.00 


0.90 


CPL 


46.15+ 13.80 


-0.81+ 0.16 


71.03+ 5.09 




512.15 


467 


3.40+ 0.17 


090824918 


56.321 


5.12 


6.14 


CPL 


61.48+ 61.50 


-0.84+ 0.45 


30.42+ 3.6 




480.41 


450 


1.54+ 0.13 


090826068 


17.408 


7.17 


8.19 


CPL 


13.29+ 3.62 


-0.86+ 0.18 


169.2+ 32.6 




634.31 


590 


3.02+ 0.35 


090828099 


86.017 


52.22 


53.25 


CPL 


42.57+ 2.92 


-1.16+ 0.05 


258.5+ 25.0 




405.22 


355 


18.77+ 0.94 


090829672 


93.186 


46.08 


47.10 


Band 


157.80+ 5.64 


-1.06+ 0.02 


225.3+ 10.8 


-2.28+ 0.07 


965.85 


813 


95.14+ 6.19 


090829702 


32.768 


4.61 


5.63 


CPL 


23.99+ 7.56 


-0.12+ 0.27 


199.4+ 27.8 




490.97 


465 


4.09+ 0.44 


090831317 


48.719 


8.78 


9.81 


CPL 


23.67+ 2.30 


-1.15+0.07 


300.1+46.5 




396.34 


353 


11.81+0.95 


090902401 


2.048 


0.00 


0.51 


CPL 


23.34+ 3.72 


0.20+ 0.24 


396.1+49.6 




475.60 


472 


15.02+ 1.60 


090902462 


30.207 


8.70 


9.73 


CPL 


63.11+3.32 


0.08+ 0.06 


971.6+ 19.6 




600.95 


583 


257.73+ 4.25 


090904058 


70.657 


21.50 


22.53 


CPL 


23.63+ 3.36 


-1.24+ 0.10 


196.7+ 28.5 




211.88 


233 


8.70+ 0.63 
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Table 4. continued. Spectral parameters of the peak spectra of 235 Fermi/GBM GRBs fitted with a curved function. "For all models the pivot 



ly for the amplitude is 


100 keV. The flux is computed in the 8 


ceV-35 MeV energy range. 












GRB 


Al 


h 


ti 


Model 




a 


^peak 


P 


C-stat 


dof 


Flux/ 10-' 




s 


s 


s 




ph/cm^/s 




keV 








erg/cmVs 


090904581 


51.201 


1.54 


2.56 


CPL 


6.34± 1.50 


0.81±0.55 


450.6+ 81.7 




710.85 


710 


6.48+ 1.27 


090908341 


65.537 


6.27 


7.30 


CPL 


5.59± 0.88 


-0.06± 0.29 


657.1+ 150.0 




531.71 


474 


9.34+ 1.80 


090910812 


54.2731 


18.43 


19.46 


CPL 


19.60± 2.46 


-0.60± 0.13 


363.7± 49.4 




488.82 


471 


10.54+ 0.99 


090915650 


12.288 


0.00 


1.54 


CPL 


7.91± 1.22 


-0.59± 0.17 


449.0+ 98.7 




592.15 


590 


5.72+ 0.89 


090917661 


30.72 


0.00 


1.28 


CPL 


15.19± 4.03 


-0.64+ 0.21 


191.7+ 30.3 




700.66 


594 


3.40+ 0.35 


090920035 


44.032 


-8.19 


^.10 


CPL 


13.04± 4.14 


-1.26+ 0.18 


81.61+ 11.6 




550.39 


471 


2.38+ 0.21 


090922539 


24.576 


2.05 


3.07 


CPL 


70.94± 4.10 


-0.73+ 0.04 


196.8+7.66 




845.97 


820 


17.51+ 0.44 


090922605 


36.864 


0.53 


2.26 


CPL 


12.30± 1.11 


-0.18+ 0.19 


654.1+74.2 




316.45 


348 


18.92+ 1.93 


090924625 


0.192 


0.00 


0.06 


CPL 


34.09± 5.37 


-0.27+ 0.21 


607.9+ 131.0 




455.30 


471 


43.96+ 7.80 


090926181 


19.709 


3.33 


4.35 


Band 


448.30± 8.37 


-0.37± 0.01 


280.3+4.31 


-2.43+ 0.03 


966.09 


833 


255.22+ 5.00 


090926914 


65.537 


18.94 


19.97 


CPL 


42.23± 10.20 


-0.59± 0.15 


120.9+ 11.0 




464.77 


472 


4.73+ 0.28 


090928646 


18.432 


0.00 


1.79 


CPL 


28.73± 3.76 


-0.35± 0.13 


214.1+ 12.6 




562.83 


471 


6.31+0.30 


090929190 


13.312 


0.00 


1.82 


CPL 


41.02± 1.42 


-0.36± 0.05 


529.6+ 21.9 




606.85 


585 


40.32+ 1.20 


091003191 


23.552 


18.05 


19.07 


CPL 


74.52± 2.32 


-0.80+ 0.03 


492.0+21.6 




334.67 


355 


59.10+ 1.50 


091005679 


16.384 


1.02 


2.05 


CPL 


11.72± 4.06 


-0.53+ 0.27 


203.5+ 44.0 




733.32 


596 


2.65+ 0.39 


091010113 


9.216 


1.92 


2.94 


CPL 


302.70± 14.10 


-0.58+ 0.03 


146.1+3.05 




342.57 


357 


43.94+ 0.63 


091012783 


0.832 


0.00 


0.06 


CPL 


55.57± 5.40 


-0.25+0.15 


994.9+ 154.0 




304.50 


353 


171.08+ 21.51 


091019750 


0.32 


-0.06 


0.00 


CPL 


51.58± 14.00 


-0.32+ 0.23 


269.5+ 53.4 




523.10 


590 


16.48+ 2.60 


091020900 


28.672 


2.56 


3.58 


CPL 


17.18± 1.27 


-1.17± 0.07 


743.3+ 196.0 




389.24 


357 


18.83+ 2.65 


091020977 


49.153 


0.80 


1.82 


CPL 


20.45± 0.86 


-0.52± 0.06 


771.0+68.5 




794.17 


713 


33.37+ 2.20 


091030613 


34.816 


13.82 


14.85 


CPL 


46.69± 14.20 


-0.26± 0.21 


121.8+ 9.89 




587.18 


595 


3.64+ 0.25 


091030828 


41.086 


17.54 


18.56 


Band 


29.53± 1.32 


-0.58+ 0.06 


698.3+64.1 


-2.39+ 0.18 


476.03 


469 


62.51+7.00 


091031500 


43.009 


6.91 


7.94 


CPL 


19.92± 1.17 


-0.94+ 0.06 


585.6+ 77.9 




973.13 


830 


18.73+ 1.50 


091101143 


16.384 


3.84 


4.86 


CPL 


119.40± 12.00 


-0.28+ 0.07 


156.9+5.88 




377.67 


355 


14.73+ 0.44 


091103912 


25.6 


0.00 


1.79 


CPL 


33.45± 2.67 


-0.47+ 0.07 


272.0+ 16.7 




490.00 


476 


11.42+ 0.50 


091107635 


11.264 


0.00 


2.05 


CPL 


16.48± 4.77 


-0.65+0.19 


133.1+ 16.9 




668.17 


596 


2.24+ 0.19 


091109895 


24.5765 


0.51 


1.54 


CPL 


41.47± 7.57 


-0.72+ 0.11 


128.2+ 10.6 




525.39 


476 


5.80+ 0.31 


091120191 


59.393 


26.62 


27.65 


CPL 


96.34± 7.23 


-0.90± 0.05 


122.2+ 4.53 




633.30 


596 


15.70+ 0.35 


091123298 


367.175 


11.26 


12.29 


CPL 


16.07± 2.10 


-1.19+ 0.09 


329.0+ 82.2 




396.50 


352 


8.83+ 2.18 


091126333 


0.384 


-0.06 


0.00 


CPL 


63.01+ L5.30 


-0.31 + 0.24 


303.8+ 55.2 




419.27 


480 


24.60+3.21 


091126389 


0.032 


-0.02 


0.02 


CPL 


61.79+ 9.66 


-0.20+ 0.17 


616.4+ 97.40 




616.74 


715 


84.63+ 11.00 


091127976 


13.054 


0.00 


1.79 


Band 


754.50± 80.80 


-0.68+ 0.05 


59.67+ 1.81 


-2.12+ 0.01 


555.62 


469 


93.79+ 2.30 


091128285 


138.243 


6.91 


7.94 


CPL 


48.14±3.99 


-0.48+ 0.07 


311.5+23.1 




427.53 


354 


20.27+ 1.10 


091207333 


27.648 


6.14 


7.17 


CPL 


18.42+5.68 


-0.59+ 0.21 


145.7+ 20.8 




833.72 


721 


2.68+ 0.26 


091208410 


13.312 


7.81 


8.83 


CPL 


68.01+4.13 


-1.10+0.04 


227.4+ 16.2 




387.41 


350 


25.62+ 0.97 


091209001 


52.225 


12.29 


13.31 


CPL 


151.10+ 95.40 


-0.33+0.31 


54.08+ 4.61 




244.66 


237 


3.17+ 0.23 


091220442 


25.6 


2.82 


3.84 


CPL 


22.68± 2.62 
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Table 5. Spectral parameters of the FermilGSM GRBs collected from the GCN Circular Archive. 'References in brackets are for the redshift. (a) 
Greiner J., Clemens C, Kruhler T. et al., 2009, A&A, 498, 89; (b) R. Salvaterra et al, 2009, Nature, 461, 1258. 
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Table 5. continued. Spectral parameters of the Fermi/GBM GRBs collected from the GCN Circular Archive. 'References in brackets are for the 
redshift. (a) Greiner J., Clemens C, Kruhler T. et al., 2009, A&A, 498, 89; (b) R. Salvaterra et al, 2009, Nature, 461, 1258. 
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Table 5. continued. Spectral parameters of the Fermi/GBM GRBs collected from the GCN Circular Archive. 'References in brackets are for the 
redshift. (a) Greiner J., Clemens C, Kruhler T. et al., 2009, A&A, 498, 89; (b) R. Salvaterra et al, 2009, Nature, 461, 1258. 
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Table 5. continued. Spectral parameters of the Fermi/GBM GRBs collected from the GCN Circular Archive. 'References in brackets are for the 
redshift. (a) Greiner J., Clemens C, Kruhler T. et al., 2009, A&A, 498, 89; (b) R. Salvaterra et al, 2009, Nature, 461, 1258. 
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